Primary site and second site revertants of missense mutants of the evolutionarily invariant tryptophan 64 in iso-1-cytochrome c from yeast.
The three missense mutants cyc1-132, cyc1-166 and cyc1-189 in the yeast Saccharomyces cerevisiae contain nonfunctional and thermolabile iso-1-cytochromes c and have different replacements of the tryptophan at position 64 which corresponds to the invariant tryptophan residue found in cytochromes c from all eukaryotic species. The cyc1-166 and cyc1-189 mutants contain single replacements of, respectively, serine 64 and cysteine 64, while the cyc1-132 mutant contains a double replacement of glycine 64 and alanine 65 instead of the normal tryptophan 64 and aspartic acid 65. Twenty-three intragenic revertants having at least partially functional iso-1-cytochromes c arose from these three missense mutants by single amino acid replacements of either tryptophan, phenylalanine, tyrosine or leucine at position 64, or by second-site replacements in which the mutant residues at position 64 are retained and the normal serine 45 is replaced by phenylalanine 45. Specific activities of the iso-1-cytochromes c were estimated by growth of strains on lactate medium and are as follows, in terms of the normal, for iso-1-cytochromes c altered specifically in the ways shown: 100% for phenylalanine 64; 25% for tyrosine 64; between 0 and 25% for leucine 64; 100% for phenylalanine 45, cysteine 64; 25% for phenylalanine 45, serine 64; between 0 and 25% for phenylalanine 45, glycine 64, alanine 65; and 0% for serine 64, for cysteine 64, and for glycine 64, alanine 65 iso-1-cytochromes c. The results demonstrate that small residues of glycine, serine, and cysteine at position 64 are incompatible with function; they imply that many of the 10 amino acids accessible by single base-pair substitution but not observed in primary site revertants also are incompatible with function; and they show that large hydrophobic residues of phenylalanine, leucine, and tyrosine at position 64 are capable of restoring at least partial function. The second site revertants indicate that deleterious effects of the three missense mutants can be compensated by the introduction of phenylalanine 45, which may occupy space normally filled by tryptophan 64. Altered shapes of Calpha-band spectra and at least partial instability were characteristics of all iso-1-cytochromes c found lacking tryptophan 64. Apparently, the principal role of the invariant tryptophan is stabilization of the active protein structure, by providing a large hydrophobic group at the proper location.